Abstract. Mortality and morbidity in fire victims are largely a function of injury due to heat and smoke. While the degree and area of burn together constitute a reliable numerical measure of cutaneous injury due to heat, as yet no satisfactory measure of inhalation injury has been developed. In this study, we employed technetium-99m diethylene triamine penta-acetic acid (DTPA) radioaerosol lung scintigraphy (inhalation scan) to evaluate acute inhalation injury in fire victims. Ten normal controls and 17 survivors from a fire accident were enrolled in the study. All patients suffered from respiratory symptoms (dyspnoea and/or cough with sputum). 99mTc-DTPA aerosol inhalation lung scintigraphy was performed in all subjects, using a commercial lung aerosol delivery unit. The degree of lung damage was presented as the clearance rate (k; %/min) calculated from the time-activity curve over the right lungs. In addition, the distribution pattern of the radioactivity in the lungs was evaluated and classified into two groups: homogeneous distribution and inhomogeneous distribution. A plain chest radiograph (CxR) and pulmonary function test (PFT) were performed in the same group of patients. The results showed that 6/17 (35.3%) patients had inhomogeneous distribution of radioactivity in their inhalation scans, and 11/17 (64.7%) had homogeneous scans. Five of the six patients with inhomogeneous scans were admitted for further management, and all patients with homogeneous scans were discharged from the emergency department and needed no further intensive care. The clearance rates of the right lung were 0.73 %+0.13 %/min for normal controls and 1.54%+_0.58%/min for fire victims. The difference was significant, with a P value of less than 0.01. Using a cut-off value of 0.9%/min (all normal subjects were below 0.9%/min), 14 (82.4%) patients had abnormal clearance rates of 99mTc-DTPA fi'om the lung. In contrast, only three (17.6%) patients had abnormal CxR and three (17.6%) had abnormal PFTs. We conclude that (1) conventional CxR and PFT are not good modalities for evaluating inhalation injury in fire Correspondence to: Wan-Yu Lin victims because of their low sensitivity, and (2) 99mTc-DTPA radioaerosol inhalation scintigraphy can provide an objective evaluation of inhalation injury during a fire accident and may be useful in therapeutic decision-making and disease monitoring.
Introduction
Smoke inhalation has a major influence on the pulmonary complications that may occur after fires [1] . When smoke is inhaled, the lungs are injured directly by the heat from the flames and, more importantly, by the products of incomplete combustion [2, 3] . Significant inhalation injury probably adds 30%-40% to the mortality of extensive burns, with a high incidence of late-onset pneumonia [4, 5] . However, there is still a lack of a simple, sensitive and effective diagnostic modality for evaluating the lung condition in these patients. Early reports suggested that plain chest radiograph was of little value in the diagnosis and management of patients after acute smoke inhalation [6, 7] .
Recently, the non-invasive measurement of the clearance rate of technetium-99m diethylene triamine pentaacetic acid (DTPA) aerosol has been used to investigate pulmonary epithelial permeability under different physiological conditions [8] [9] [10] [11] , in those who smoke [12, 13] and in various pulmonary disorders [14] [15] [16] . 99mTc-DTPA radioaerosol inhalation lung scintigraphy (inhalation scan) has proven to be a highly sensitive and useful modality for detecting early lung damage.
In this study, we evaluated the value of the inhalation scan for monitoring pulmonary damage in fire victims, and compared the results with those of chest X-ray films (CxR) and pulmonary function tests (PFT). 
Materials and methods
Materials. Thirty-seven patients were sent to the emergency room following a closed-space explosive accident in a local power plant. Patients with a history of smoking or previous lung disease were excluded. Finally, 17 patients were enrolled in this study. The mean age of the subjects was 47.6 years (range 24-71 years). In addition, ten normal subjects were included as normal controls. CxR, PFT and inhalation scans were performed on all patients within 48 h after the accident, except in three patients who received the inhalation scan several days later (two on the 4th day and the other on the 12th day) because they were intubated in a critical condition.
Values of forced expiratory volume in 1 s (FEV1), forced vital capacity (FVC) and FEV~/FVC were calculated to evaluate pulmonary function. A value below 80% of the predicted value was considered abnormal.
99mTc-DTPA radioaerosol inhalation lung scintigraphy. The 99mTc-DTPA radioaerosol clearance speed, presented as a clearance rate (k; %/rain) from lungs to blood, was measured in all individuals. The radioaerosols were generated from a commercial lung aerosol delivery unit (Aero/Vent, Medi Nuclear, USA) containing 7400 MBq (20 mCi) 99mTc-DTPA in 2-4 ml saline. The radioaerosol droplet size was measured by an inertial impactor (Model PC-2, California Measurement Inc, Calif., USA). The mass median aerodynamic diameter (MMAD) of the 99mTc-DTPA radioaerosol was smaller than 1 gm under a 6-7 1/min air flow rate. All subjects were positioned supine and told to inhale for 2-3 min from the aerosol delivery unit until the total radioactivity was over 200000 counts. Data were collected for another 30 rain by means of a large-field computerized gamma camera (Apex 609R, Elscint Ltd., Haifa, Israel), over the posterior view, which included the entire chest. Data were acquired as a series of 30 consecutive frames, one minute per frame, in a 64x64 matrix with word mode. Upon completion of the data acquisition, the first image in the series was displayed and further regions of interest were automatically created over both lungs. Radioactivity was corrected for radionuclide decay and background subtraction. Time-activity curves were generated over both lungs. A power exponential fitting routine was then used to calculate the clearance rate (k; %/min). However, only the right lung was used to analyse clearance, in order to avoid interference from stomach activity on the left side. In addition, based on the first 1-min frame, distribution patterns of the radioactivity in the lungs were classified into two groups (homogeneous distribution and inhomogeneous distribution) by two observers.
Results
Detailed data are shown in Tables 1 and 2 . Eight survivors had skin burns, all limited to their faces and hands. Of the 17 fire victims, 12 were discharged from the emergency department and five were hospitalized (in four cases due to respiratory problems and in one case due to skin burn) for periods ranging from 7 to 50 days. Three required endotracheal intubation and one required ventilation for 17 days as a result of adult respiratory distress syndrome. The clearance rates of the right lung were 0.73%_+0.13%/rain for normal controls and 1.54%_+0.58%/min for fire victims (Fig. 1) . The difference was significant, with P values of less than 0.01. Using a cut-off value of 0.9%/min (all normal subjects were below 0.9%/rain), 14/17 (82.4%) patients had an abnormal clearance rate of 99mTc-DTPA from the lung, while only three (17.6%) patients had abnormal PFT and three (17.6%) had abnormal CxR findings. Comparisons between these diagnostic modalities are tabulated in Table 3, according to hospitalization or non-hospitalization of the patients. In Table 4 , the results of different diagnostic modalities and clinical findings are shown according to the distribution pattern of radioactivity in the inhalation scintiscan. Six of the 17 (35.3%) patients showed inhomogeneous distribution of radioactivity in their inhalation scans (Fig. 2) while 11/17 (64.7%) had homogeneous scans (Fig. 3) . Five of the six patients with inhomogeneous scans were admitted for further management, and all patients with homogeneous scans were discharged from the emergency department and needed no further intensive care. Both PFT and chest X-ray showed less sensitivity in detecting lung injury than the inhalation scan.
Discussion
Significant damage may be caused both to the airways and to the lung parenchyma following acute smoke and heat inhalation. In the upper and major airways, heat injury and acute smoke inhalation cause oedema, necrosis and sloughing of the mucosa, bronchospasm, and cessation of ciliary movement of the bronchial epithilium. These conditions often lead to airway obstruction and atelectasis [17, 18] . In the lung parenchyma, smoke causes parenchymal injury to the alveolar epithilium. This results in pulmonary capillary permeability, pulmonary oedema and interference with gas exchange [19, 20] . This often leads to acute pulmonary insufficiency, which is a major cause of morbidity and mortality in burn victims [20] .
The most striking abnormality in the lungs after smoke inhalation is airway obstruction, because of particulate debris and irritant volatile vapours from synthetic polymers from materials used in construction, furniture and decoration [21] . In addition, heat injury also causes mucosal oedema of the major airways and can result in airway obstruction. In the inhalation scan, obstruction of small airways will block the entry of 99mTc-DTPA into the lung parenchyma and present an area with hyporadioactivity or without radioactivity in the lung (inhomogeneous distribution). Therefore, evaluating the distribution pattern of radioactivity after inhalation of the radioaerosol should be a useful and direct way to monitor the existence and severity of small airway obstruction. In our study, the five victims who had to be hospitalized showed inhomogeneous distribution of radioactivity in the lung, while almost all the patients who needed no hospitalization showed a homogeneous distribution pattern. The results suggest that the inhomogeneous distribution of radioactivity in an initial inhalation scan may indicate a more serious inhalation injury, and further treatment may be necessary for these patients.
Interestingly, the clearance rates of 99mTc-DTPA from the lungs in patients who had to be admitted for further treatment were not higher than those in patients who needed no further treatment. Actually, they were slightly lower. The hospitalized patients should have had obstructions of small airways, since all of them had an inhomogeneous distribution scan. Our explanation is that in cases with airway obstruction, the airflow is decreased and a relatively large amount of radiotracer could deposit in the airway instead of the alveoli. The clearance rate of the radiotracer in the small airways is surely slower than in the alveoli. Therefore, in cases with inhomogeneous distribution of radioactivity, the clearance rate is not a reliable criterion for the detection of pulmonary injury in fire victims. In our study, of the six patients with inhomogeneous distribution, two (33%) (nos. 7 and 13) who needed admission for further treatment had normal clearance rates. By contrast, of the 11 patients with homogeneous distribution, only one (9%) had a clearance rate lower than 0.9. We suggest that interpretation of inhalation scintigraphy in fire victims should focus on the distribution pattern of radioactivity first, and then use the clearance rate to evaluate the integrity of the alveoli.
The value of the CxR in evaluation of the respiratory system in fire victims is debatable. Stone et al. [6] and Eaton et al. [7] suggested that the value of CxR in the diagnosis and management of patients after acute smoke inhalation is limited [6, 7] , whereas Teixidor et al. [22] and Lee and O'Connell [23] stressed the importance of the CxR in the early post-exposure period. In our study, only three patients had positive radiographic findings, but all three needed endotracheal intubation. We conclude that the CxR is not a sensitive modality in evaluating lung damage after smoke inhalation. Abnormality on chest films may not be seen until a severe complication such as atelectasis, alveolar oedema or bronchopneumonia develops. However, the initial CxR is still an important predictor (especially in significant smoke inhalation injuries) and enables selection of patients likely to need endotracheal intubation.
Assessment of the effects of smoke inhalation on respiratory function is difficult because pre-exposure lung function is unlikely to be known unless the subject has had a pre-existing lung disease and has come to the hospital for help. Therefore, we could only compare the PFT of patients with a normal database, and considered it to be abnormal when the values were below 80% of normal predicted values. However, these criteria seemed only able to detect serious cases of pulmonary injury in fire victims. In our study, only the three patients with long hospitalization had abnormal PFT. In addition, measurements of PFT requiring cooperation from severely ill persons could yield spurious results. Our data suggest that PFT may be not a sensitive test in detecting pulmonary injury in fire victims.
Although the number of patients in our study was small, there was a strildng incidence of airway obstruction after smoke inhalation. The findings of abnormal inhalation scintigraphy in most of the fire victims suggest that smoke inhalation may lead to more damage to the respiratory system than has previously been recognized. We conclude that the conventional chest X-ray and pulmonary function test are not good modalities for evaluating inhalation injury in fire victims because of their low sensitivity. In contrast, 99mTc-DTPA radioaerosol inhalation scintigraphy can provide an objective evaluation of inhalation injury during a fire accident and, therefore, may be useful in therapeutic decision-making and disease monitoring.
